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For centuries dermatologic therapy has been
based primarily upon empiricism—a fundamen-
tally unsatisfactory approach. Preparations con-
taining crude coal tar, sulfur, ammoniated mer-
cury and salicyclie acid have been applied to
the epidermis with varying degrees of thera-
peutic efficacy; their mechanisms of action,
however, remain unknown. Definition of these
mechanisms might be expected to lead to two
distinct consequences. Primarily, these thera-
peutic agents previously described could be ap-
plied to epidermis in a more rational and per-
haps successful manner. In addition, once the
mechanism of action of effective agents has been
clarified, a search for improved therapeutic
approaches to many dermatologie problems can
he undertaken with a higher chance of success.
The availability of a system which measures
the incorporation of amino acids into epidermal
proteins and of nucleoside precursors into
epidermal nucleic acids (1) has permitted this
initial investigation of therapeutic agents. We
have studied the effects of several classes of
locally applied substances upon epidermal
protein and nucleic acid synthesis.
MATERIALs AND METHODS
Animats.—Male albino guinea pigs weighing be-
tween 300 and 400 grams (obtained from Elm
Farm, Chelmsford, Mass.) were used for all ex-
periments. Animals were epilated with wax (2)
24 hours prior to the beginning of each experiment.
Chemicals.—a-leucine-C14 (u.l.) specific activ-
ity: 200 me/mM), uridine-2-C14 (specific activity:
25 me/mM) adeaine-8-C14 (specific activity: 4
me/mM), orotic-6-C'4-acid hydrate (specific ac-
tivity: 5 me/mM) and uridine-H3 (specific activ-
ity: 3.17C/mM were obtained from New England
Nuclear Corporation, Boston, Mass. The ointments
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used were prepared by the Beth Israel Hospital
Pharmacy. The grenz-ray apparatus was used
through the courtesy of Dr. Maynard Lender and
the contact machine through the courtesy of the
Dept. of Radiology, Beth Israel Hospital. Elastase
was purchased from Worthington Biochemical
Company and eollagenase from Nutritional Bio-
chemical Corp. Reagent grade chemicals were used
throughout.
Experimental procedure—The basic design of
all experiments was similar. The substances under
study were anointed on one half of the hack of
experimental animals at various frequencies for
variable periods of time. The contralateral side of
the animal was anointed with the control base.
Excess ointment was removed from the tissue prior
to study. Under ether anesthesia, tissue was re-
moved from the animals with an 8 mm punch
biopsy knife. During certain studies the animals
were studied at several different periods of time.
In such cases the wounds were closed with 9 mm
auto-clips (Clay-Adams Co., New York).
The cylinders of skin containing epidermis and
dermis were freed of muscle and fat and sliced on
a Stadie-Riggs microtome to yield 50 ,. slices con-
sisting of the entire epidermis and the papillary
layer of dermis. Three slices placed in a 10 ml
Erlenmeyer flask were incubated with labelled
amino acids or nucleosides in a medium consisting
of 3 ml of Krebs-Ringer phosphate buffer (3)
which contained glucose (100 jiM) and penicillin(10,000 U). 0.25 jic of C'4 leucine, 0.5 jie of C'4
uridine, C'4-adenine, C14 orotic acid or 5 jic H3 un-
dine were placed in each flask. Ineubations were
carried out in duplicate at 37° C., in a Dubnoff
metabolic shaker at 88 strokes/minute under an
atmosphere of 95% 02, 5% CO2. Following in-
cubation, the tissue was placed in cold saline con-
taining an excess of unlabelled amino acid and
the epidermis was separated from the dermis by
heating the sample to 56° C for 30 seconds. Epi-
dermal sheets were readily lifted from the under-
lying dermis following this procedure. Isolated
sheets of epidermis were prepared in some experi-
ments by incubation of the skin slices in Tyrode's
solution containing elastase (0.12 mg/ml) or col-
lagenase (1 mg/ml), a modification of the proce-
dure described by Klein et ol (4).
The epidermis was homogenized in saline in a
Duvall-typc apparatus (Kontcs Glass Co., Vine-
land, New Jersey) and the specific macromolecular
species under investigation were isolated. Amino
acid incorporation into protein was determined
following precipitation of the samples with per-
ehloric acid, extraction with hot pcrchloric acid
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as well as lipid solvents and final dissolution in
formic acid (5). Aliquots of the formic acid soluble
material were placed in preweighed aluminum
planchets (Atomic Accessories Inc., Valley Stream,
New York), dried under a heat lamp and re-
weighed. Incorporated radioactivity was deter-
mined in a gas flow counter (Nuclear-Chicago
Corporation). Smaller aliquots of the formic acid
soluble material were dried under nitrogen, redis-
solved in sodium hydroxide, and the protein con-
tent was determined by the Folin method (6).
Appropriate corrections for self-absorption and
scatter were made prior to calculation of specific
activity.
Nucleoside incorporation into RNA was deter-
mined by extraction of the tissue according to the
Schmidt-Thannhauser procedure (7). Following
alkaline hydrolysis, the DNA was reprecipitated
with acid, the acid soluble RNA containing su-
pernatant was neutralized with potassium hy-
droxide, and the potassium perchlorate was re-
moved by centrifugation. Aliquots of this final
supernatant were placed in Bray's solution (8)
and counted in a dual channel liquid scintillation
counter (Packard Instrument Co., La Grange, Ill.).
RNA content of the supernataat was determined
by the orcinol method (9) standardized against
yeast RNA (Worthington Biochemical Co.). All
counts were corrected for quenching by the addi-
tion of appropriate internal standards.
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Fio. 2. Incorporation of C" leucinc into isolated
epidermis. Slices of skin were pre-incubated with
elastasc (120 tg/ml) for 30 minutes at 37°. Epi-
dermis was separated from dermis and the isolated
epidcrmal sheets were placed in the incorporation
medium and reincubated for the indicated periods
of time. The total homogenate was precipitated,
extracted and counted.
A. Applicability and Reliability
of Method
Studies which preceded this investigation
demonstrated that with the skin slice system
IC'4 Leucine — Slice System)
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FIG. 1. Incorporation of C'4 leucine into epider-
mal proteins. The experiment was performed using
the slice system. Duplicate flasks were incubated
for the indicated periods of time. Epidermis was
prepared by the heat method and was homogenized
(0.1 M phosphate buffer, pH 7.5). The homogenate
was centrifuged at 15,000 g for 10 minutes and pro-
teins were extracted from both supernatant (solu-
ble) and pellet (insoluble). Subsequent prepara-
tion of samples for counting has been described
above.
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incorporation of labelled amino acids into
epidcrmal proteins was essentially linear during
120-minute incubations. Data from an experi-
ment, in which the epidermal proteins soluble
in phosphate buffer (0.1 M, pH 7.5) were
separated from those insoluble in this medium
prior to precipitation and counting, is illus-
trated in Figure 1. The specific activity of the
proteins in both fractions rose in a parallel
manner during incubation. Incorporation into
epidermal sheets prepared by incubation of
skin slices with collagenase or elastase proceeded
with a similar time course although the slope
of incorporation was higher in the enzyme-
separated tissue. This phenomenon, documented
in Figure 2, is probably due to more efficient
penetration of the labelled precursor into the
epidermis following enzymatic separation. The
majority of our studies have been performed
with the slice system because of its relative
simplicity although both the sulfur and stripping
experiments have been duplicated with both
systems.
Preliminary experiments demonstrated higher
but more erratic incorporation into abdominal
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skin than back skin. For this reason only the
tissue in an area 5 em lateral to the midline
between the shoulder and hips on the dorsal
surface of the animals has been used in these
investigations. The wax method of epilation
was found to have no effect upon epidermal
amino acid incorporation if the wax was ap-
plied at a temperature lower than 50° 0. and
the epilation was carried out 24 hours prior to
the onset of the experiment. These criteria
have been fulfilled in all studies.
B. Effect of Removal of Stratum
Gorneum Upon Amino
Acid Incorporation
Although it was apparent that the system
described above was measuring a biologic proc-
ess, it was necessary to demonstrate in addition
that the tissue responded to exogenous influ-
ences. A method initially described by Pinkus
(10) has been used subsequently by several
groups (11) to study the regeneration of epi-
dermis. Scotch tape removal of stratum corneum
results in a burst of epidermal mitotic activ-
ity and could also be expected to result in in-
creased protein synthesis. Epilated guinea pigs
were stripped with scotch tape in parallel
bands along the back, each band being treated
10 times sequentially. Two controls were in-
cluded in each experiment; an unstripped area
as well as an area which was stripped post
mortem immediately preceding preparation of
the skin slices. Such a procedure was neces-
sary since results are expressed as counts/min-
ute/mg protein extracted from the epidermis.
Previous studies have shown (12) that epider-
mal protein synthesis occurs predominantly in
the basal layer. Removal of stratum eomeum
would raise the specific activity by decreasing
extractable protein even if it had no effect upon
protein synthesis.
Figure 3 demonstrates tbat a definite increase
in amino acid incorporation follows removal of
stratum corneum. The results are plotted rela-
tive to the specific activity of the post-mortem
stripped tissue. Incorporation increases to 3
times control values within the first hour of
stripping. Specific activity reached baseline
again 3 hours following stripping. The exper-
iments were carried out up to 5 days and
neither a late stimulatory nor inhibitory
phase was detected.
TIME FOLLOWING REMOVAL OF
STRATUM CORNEUM (minutes)
Fin. 3. Effect of stratum eorneum stripping upon
epidermal amino acid incorporation. Areas were
stripped at the time points indicated on the figure.
Tissue was incubated as a slice and heat separated
following incubation. Specific activity of the pro-
teins extracted from the epidermis was determined
and results are expressed as a percentage of control
post-mortem stripped samples.
0. Effects of X-Irradiation
Two methods were utilized to deliver X-
rays to the epidermis. A grenz unit which de-
livered 10 kv X-rays at a 5-inch skin to target
distance and a contact unit with X-rays gen-
erated at 50 kv were employed to see whether
changes were evident in the slice system fol-
lowing delivery of such energy. Figure 4 is the
dose response curve with the grenz apparatus
and represents samples which were removed 2
(C'4 Leucine — Grenz Ray)
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Fin. 4. Effect of grenz irradiation upon epi-
dermal amino acid incorporation. Irradiation was
delivered 2 hours prior to incubation of the tissue.
The abscissa represents the energy delivered and
the ordinate the specific activity of epidermal pro-
teins following 1 hour incubations in the presence
of 0' leucine.
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hours following irradiation. Stimulation of
amino acid incorporation is again seen. Figure
5 demonstrates similar but less marked stimu-
lation following contact irradiation. The dif-
ference in dosage required to reach peak effect
can be attributed to differences in the penetra-
tion of the two energy sources. The time course
of both effects is plotted in Figure 6. In each
ease, energy was delivered at the level which
resulted in peak effect in the preceding ex-
periments. The stimulation reaches peak two
to three days following irradiation. No evidence
of inhibition of incorporation was seen.
D. Effects of Topical Medication
The initial experiments with therapeutic
agents were done with 15% coal tar solubilized
in cotton seed oil as well as with 6% sulfur, 6%
salicylic acid in a petrolatum base. Contralat-
eral sides of all experimental animals were
treated with the control base. Initial applica-
tions were repeated 3 times each day for a pe-
riod of 4 days. The animals were sacrificed,
skin was removed, incubated, separated and
prepared for counting according to the meth-
ods detailed above. Figure 7 details the results
of these studies. The data have been plotted
to indicate incorporation of C'4 leueine at sev-
eral incubation times with each substance.
From these data both the initial rate and ex-
tent of incorporation can be seen. When ap-
plied as noted, both of these commonly used
(C'4 Leucine - Contact X-Ray)
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Fio. 5. Effect of contact irradiation upon epi-
dermal amino acid incorporation. Irradiation was
administered 2 hours prior to incubation of the
tissue in the slice system. The abscissa represents
the energy delivered and the ordinate the specific
activity of epidermal proteins following 1 hour in-
cuhations in the presence of C'4 leucine.
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Fm. 6. Time course of irradiation effects upon
epidermal amino acid incorporation. Results are
plotted as percentage of control specific activity.
800r of contact and 400r of grenz rays were admin-
istered at the indicated times prior to sacrifice of
the animals.
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Fio. 7. Effects of 15% crude coal tar and 6% sulfur-salicylic acid ointment upon epi-
dermal amino acid incorporation. Animals, were treated 3 times each day for four days.
Samples were incubated for the several periods plotted on the abscissa.
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FIG. 8. Effects of 6% sulfur and 6% salicylic acid
ointment upon epidermal amino acid incorpora-
tion. Animals were treated 3 times per day for
four days with the substances. Samples were in-
cubated with C'4 leucine for the several periods
plotted on the abscissa.
TABLE I
60 120
Treatment (3 times/day for 4 days)
Specific Activity of
Epidermal Protein FollowingIn Vitro Incubation
(As % of Control)
Control (petrolatum)
6% sulfur ointment
6% salicylic acid ointment
6% sulfur-6% salicylic acid
ointment
100%
39%
170%
89%
E. Effects of Ammoniated
Mercury Ointment
5% ammoniated mercury ointment was ap-
plied to the dorsum of guinea pigs daily and
biopsy specimens were taken at several time
intervals following the initial application.
Since ammoniated mercury has been used clin-
ically in situations similar to those in which
sulfur and coal tar are used, the results noted
in Figure 9 were unexpected. This compound
caused stimulation of amino acid incorporation
with peak effect appearing approximately 72
hours following the initial application. There
was no evidence of any keratolytic effect or
change in the amount of protein extractable
from each biopsy sample to explain these re-
sults.
F. Effects of Daily Sulfur Applications
Upon Amino Acid and Nucleoside
Incorporation
The method of application of the sulfur oint-
ment was changed so that the time course of
this effect could be studied. Ointment was ap-
plied daily to animals and at intervals the sul-
fur was removed from an area and biopsies
were taken for incubation. These applications
caused hyperplasia of the epidermis which
could be seen grossly following heat separation.
The amount of protein extractable from each
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Fie. 9. Effects of 5% ammoniated mercury oint-
ment upon epidermal amino acid incorporation.
The ointment was applied daily. Samples were re-
moved at the times indicated and incubated in the
slice system.
dermatologic preparations are inhibitors of
epidermal amino acid incorporation.
Sulfur and salicylic acid were applied sepa-
rately in a similar manner and the results are
plotted in Figure 8. Sulfur causes inhibition
of amino acid incorporation while salicylic
acid results in higher specific activities. By cal-
culating from the several time points which
were studied, we were able to quantitate these
effects. Table 1 demonstrates that the two com-
pounds have opposing effects upon the specific
activity of epidermal proteins. The inhibition
caused by sulfur appears to be decreased when
salicylic acid is added to the ointment. This
phenomenon, which has not been further in-
vestigated, may be an artifact due to the
keratolytic effects of salicylic acid. If inactive
stratum corneum is removed by the salicylic
acid, the specific activity could increase rela-
tively without any change in protein synthe-
sis.
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Foe. 10. Effects of daily application of 6% sulfur
ointment upon epidermal amino acid incorpora-
tion. Biopsy specimens were removed at the times
indicated on the abscissa and incubated in the
usual manner. Both the total counts incorporated
into each 8 mm slice and the specific activity of
the epidermal proteins are displayed.
standard diameter punch biopsy was also in-
creased, indicating that the epidermal thicken-
ing was caused, in fact, by hyperplasia of the
tissue rather than increased tissue fluid. Figure
10 demonstrates that the specific activity of the
epidermal proteins also increased progressively
to a peak approximately 96 hours following the
initial application. When the total counts in-
corporated per slice were calculated, it was ap-
parent that almost three times as much protein
was being synthesized by each em' of epider-
mis following daily applications of sulfur.
In order to determine the mechanism of this
early stimulation of amino acid incorporation
caused by a substance which results in inhibi-
tion of protein synthesis following repeated ap-
plications, the experimental procedure was
modified to quantitate the incorporation of
nucleosides into epidermal ribonucleic acid.
Similar studies done with liver (13) have dem-
onstrated that orotic acid is suitable precursor
for liver RNA. When 014 orotic acid was in-
cubated with skin slices, all the counts were
found in the acid soluble fraction of the epi-
dermis; none being incorporated into epider-
mal RNA. When C" adenine, 014 or H' uridine
were used in similar incubations, there was
linear incorporation of the isotope into the
RNA fraction of the tissue. The results of
such an experiment with H' uridine are shown
in Figure 11. By comparing the amounts of
adenine and uridine in the acid soluble frac-
tion of the tissue extract with those which were
subsequently incorporated into epidermal
RNA, we were able to calculate that uridine
was approximately 4 times as efficient a pre-
cursor of epidermal RNA. For each mpM of
labelled nucleoside which reached the acid
soluble fraction of the tissue, a variable which
depends upon both pool size and efficiency of
transport into the slice, 4 times as much uridine
as adenine were incorporated into epidermal
RNA. IJridine, therefore, was chosen as the
precursor in these studies. The method of ex-
traction and counting have been outlined
above. The C" uridine incorporation rate,
which was low at all times, could not be in-
creased by pre-incubation of the slices for up
to 90 minutes in uridine-free medium: a ma-
neuver which might decrease the endogenous
uridine pool. In most experiments the counting
rate was increased by using tritiated uridinc
which had a higher specific activity (3.17 0/
mM).
6% sulfur in petrolatum was applied to the
skin every 12 hours for up to 4 days and
there was no detectable effect upon epidermal
RNA synthesis at any time. This phenomenon
existed although amino acid incorporation was
initially stimulated and subsequently inhibited.
When the concentration of sulfur was raised
to 40%, definite inhibition of epidermal RNA
specific activity could be seen after 24 hours.
The total counts incorporated into each slice
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Foe. 11. Incorporation of H' uridine into epi-
dermal RNA. Slices of skin were incubated for the
times indicated. Medium, extraction and counting
procedure are outlined in the methods section.
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were stable for 72 hours at which time they
also fell. These data are plotted in Figure 12.
The initial effect of this high concentration of
sulfur appears to be upon the ribonucleic acid
content of the tissue. At a time correspond-
ing to the inhibition of protein synthesis seen
in the initial studies, RNA synthesis is de-
creased. No stimulation of RNA synthesis cor-
responding to that of amino acid incorpora-
tion was seen.
DISCUSSION
The availability of corticosteroids has lead to
remarkable changes in dermatologic therapy
during the past decade (14). Inflammatory
disease of the skin can be treated successfully
with agents whose mechanism of action, while
not completely understood, has been largely
elucidated. Active work is proceeding in many
centers aimed at further definition of the
mechanisms involved (15). The therapy of
hyperplastic epidermal disease, such as psoriasis,
remains entangled in empiricism. Essentially
no studies have been performed which relate
the mechanism of action of the commonly used
agents to their action upon pathologic epider-
mis. Strakosch (16, 17) approached this prob-
lem over 20 years ago by studying the histo-
pathologic response of human skin to ointments
containing sulfur and salicylic acid. He de-
scribed the keratolytic and keratoplastic reac-
tions which follow application of the sub-
stances but his work was drastically limited
by the investigative tools available at that
time. More recently, Lorenc and Winkelmann
(18) used similar technics to evaluate the
response of hairless mouse skin to several con-
centrations of sulfur. These investigators de-
scribed the acanthosis which follows the appli-
cation of sulfur and postulated that it was a
reaction to injury. Ammoniated mercury has
not been studied and although there are re-
views discussing the clinical usefulness of coal
tar, no data have been found on the effects
of this substance upon epidermal protein syn-
thesis.
Derivatives of coal tar, particularly those with
carcinogenic activity, have been studied in
many systems. During the past year, Loeb,
et at. have demonstrated increased incorpora-
tion of orotic acid into liver RNA (20) fol-
lowing methyicholanthrene injection. Gelboin
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Fie. 12. Uridine incorporation into epidermal
RNA following application of 40% sulfur oint-
ment. Ointment was applied every 12 hours and
was removed prior to incubation. Tissue was in-
cubated in the slice system in the presence of C14
uridine. Ordinate represents the specific activity or
total counts as a percentage of petrolatum control.
has published a series of studies (21—23)
which demonstrate induction of liver enzymes
following methylcholanthrene injection. He and
his co-workers have also documented stimula-
tion of amino acid incorporation in homogenate
and cell free systems. Although the skin was
the most commonly used organ for the mor-
phologic studies which preceded these investiga-
tions, similar biochemical studies have not
been reported using skin.
The past decade hss witnessed remarkable
and relatively complete elucidation of the
mechanisms of protein and nucleic acid syn-
thesis in cellular and subcellular systems
(24). From these basic studies which were de-
signed to uncover general principles, technics
have been evolved which can be used to
solve problems related to macromoleeular syn-
thesis in specific situations. Studies are now
being reported with logarithmically increasing
frequency aimed at a definition of the effects
of hormones and other therapeutic agents upon
protein and nucleic acid synthesis in various
organs from diverse species. Suitable modi-
fications of the liver slice technics originally
described by Warburg (25) have permitted
the successful study reported here of the ef-
fects of several agents upon epidermal macro-
molecular metabolism.
There are definite limits to the interpreta-
tion of data derived from studies using the
slice technic chosen for these experiments.
Although amino acid and nucleoside incor-
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poration is readily measured, as noted in Fig-
ures 1, 2 and 11, a change in any of the
parameters measured, either the specific ac-
tivity of the macromolecules or the total
counts incorporated in a given situation, does
not necessarily represent a change in the
synthesis of either protein or nucleic acid.
The rate-limiting step in the slice system is
not known. A change in permeability of the
cells in response to a therapeutic maneuver
could either increase or decrease the amount
of precursor incorporated into product. An
alteration in the pool size of either products
or precursors could have similar effects. Fi-
nally, a change in the energy requirements of
the in vitro system could cause similar re-
sults even though no change occurred in the
particulate or soluble components of the pro-
tein synthesizing pathway or the enzymatic
constitutents required for nucleic acid syn-
thesis. A cell-free incorporating system de-
rived from skin will be required before final
answers to these questions can be obtained.
Such a system in a form applicable to these
studies is not yet available. For this reason
we arc unable to draw final conclusions. The
results, however, do permit tentative interpre-
tation pointing to a common mechanism of
action of several of these agents.
Pinkus (10), Williams and Hunter (26) as
well as Brophy and Lobitz (11) all demon-
strated that the superficial epidermal injury
resulting from removal of the stratum cor-
ncum with scotch tape cause an accumula-
tion of glycogen in the epidermis and a
burst of mitotic activity in the basal cells of
the epidermis. The data displayed in Figure
3 demonstrate that there is additionally a
stimulation of amino acid incorporation which
follows removal of the stratum corneum. By
controlling the studies with material stripped
immediately prior to incubation, we have
shown that the results are not due merely to
better penetration of leucinc into the slice con-
sequent to removal of the barrier layer in
stratum granulosum. Whether the stimulation
represents generalized cellular protein synthe-
sis or increased production of keratin precur-
sors is not presently known. We have not var-
ied the conditions of stripping nor studied the
mitotic rate in the treated tissue. Therefore,
we can not explain the relationship between this
early increase in protein synthesis and the later
mitotic stimulation which has been reported.
The purpose of this portion of the study was
to demonstrate that we could reproducibly
document changes in amino acid incorporation
in the epidermis in response to exogenous in-
fluences.
The experiments with X-ray were initially
performed with the expectation that we would
demonstrate inhibition of amino acid incorpora-
tion in response to cellular injury. With both
the grenz and contact machines, we found an
early stimulation of amino acid incorporation
and only after repeated high doses of con-
tact X-ray have we seen inhibition of incor-
poration (27). Kaplan has reviewed the events
which follow irradiation of tissues, cells and
isolated macromolecules (28) and has empha-
sized that changes in DNA structure result
in decreased template activity. Sugino at at
(29) found in rat tissues a biphasic X-ray
effect with suppression of DNA synthesis fol-
lowed by a phase of regeneration. Smit and
Stocken have shown increased protein synthesis
in irradiated thymic nuclei within 1 hour of
irradiation (30) and have thus confirmed
older work of Butler (31). This enhanced syn-
thesis was abolished following adrcnalcctomy
and thus may represent a secondary phenom-
enon. Tabachnick and his coworkers (32) have
demonstrated an incrcas in DNA'se I and a de-
crease in DNA'sc II following irradiation of
epidermis and have ascribed these to permeabil-
ity changes following roentgen exposure.
Iversen and Dcvik (33) have shown an in-
crease in endogenous dehydrogenase activity
following irradiation while both Bernstein
(34) and Cattanco ct at (35) have shown in-
hibited DNA synthesis in epidermis and hair
follicles following irradiation.
Our studies of the early changes following
X-ray exposure demonstrate a definite stimu-
lation of amino acid incorporation. This stimu-
lation was of less magnitude than that which
followed stripping. Although the mechanism
has not been totally clarified, it is our working
hypothesis that both events represented a re-
sponse to epidermal injury. The X-ray effect
is dose related and the data demonstrate that
with higher doses stimulation is less. It ap-
pears therefore that we arc dealing with two
phenomena. Severe injury causes inhibition of
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amino acid incorporation while less injury causes
stimulation.
This conclusion is supported by the re-
sults of the subsequent studies which were
performed with common dermatologie medica-
tions and strongly support the concepts based
upon histologic evidence outlined in the con-
clusion of both Strakoseh (16, 17) and
Lorene and Winkelmann (18). Prolonged re-
peated applications of sulfur ointment, sul-
fur and salicylie acid ointment and crude coal
tar cause marked inhibition of amino acid in-
corporation into epidermis. The data in Figure
S and Table 1 demonstrate that the salieylie
acid added to sulfur ointment results in a
definite change in the overall mechanism of
action. The effects which may be synergistic in
a given pathologic situation are antagonistic
when amino acid incorporation is measured.
The sulfur and coal tar studies demonstrate
that the slice system shows inhibition of amino
acid incorporation when marked injury occurs.
Our initial hypothesis was that both sulfur
and ammoniated mercury would cause inhibi-
tion of amino acid incorporation and the time
course studies were performed to document the
speed with which this phenomenon took
place. Following single daily applications, how-
ever, we found stimulation of amino acid in-
corporation when either total counts incorpo-
rated per unit area of epidermis or specific
activity of epidermal protein were plotted. Al-
though these results may represent a change
in incorporation unrelated to alteration in
protein synthesis, two lines of evidence point to
an actual increase in protein synthesis. The epi-
dermis became thicker and the thickness was
associated with measurable increases in the
amount of protein in each slice. In addition
our podophyllin studies outlined in the follow-
ing paper (36) demonstrate a similar phenom-
enon which has been reproduced in a cell-
free system derived from liver.
The control of protein synthesis depends in
large part upon the availability of messenger
RNA (37) although many other steps may be
rate limiting in any given experimental situa-
tion. We hoped to demonstrate enhanced incor-
poration of the nueleoside uridine into epider-
mal RNA following local sulfur application. In
actuality, RNA synthesis in the slice system
was unaffected during the first 3 days of sulfur
treatment. Corresponding to the time of in-
hibition of amino acid incorporation after mul-
tiple applications, inhibition of total RNA syn-
thesis occurred. The earlier decrease in RNA
specific activity must be explained on a dif-
ferent basis. It reflects an increase in the total
RNA of each standard diameter slice and may
represent altered RNA turnover in the tissue in
response to sulfur treatment. It could be pos-
tulated that this decreased turnover is respon-
sible for the enhanced amino acid incorporation.
Our system however does not permit further
direct investigation of this point at this time.
SUMMARY
Effects upon epidermal protein and nucleic
acid synthesis of several classes of locally
applied therapeutic agents have been studied in
an in vitro system. Amino acid incorporation
into protein was stimulated following stratum
corneum stripping, exposure to grenz and con-
tact X-rays and after daily applications of sul-
fur and ammoniated mercury ointment. Sali-
cylic acid caused higher specific activities of
epidermal proteins following local application.
Prolonged application of surfur ointment or coal
tar solution results in inhibition of amino acid
incorporation. It is postulated that these sub-
stances have several effects upon epidermal,
protein synthesis; an early stimulatory effect
which is not mediated through RNA, as well
as a later inhibitory effect which is associated
with inhibition of RNA synthesis.
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